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@ Process for the preparation of middle distillates. 

(57) Middle distillates are prepared from syngas by a two- 
stage series-flow process comprising (1) Fischer-Tropsch 
synthesis over a special Zr, Ti or Cr promoted Co-catalyst 
followed by (2) hydroconversion of the total synthesized 
product over a supported noble metal catalyst. 
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K 5697 

PROCESS FOR THE PREPARATION OF MIDDLE DISTILLATES 

The invention relates to a process for the preparation of 
middle distillates from a mixture of carbon monoxide and hydrogen. 

The preDaration of hydrocarbons from a H2/CO mixture by 
contacting said mixture at elevated temoerature and pressure with 
a catalvst is known in the literature as the Fischer-Tropsch 
hydrocarbon svnthesis process. Catalysts frequently used for this 
ourpose contain one or more metals of the iron group together with 
one or more Dromoters and a carrier material. The products that 
can be prepared by using these catalysts usually have a very broad 
molecular weight distribution and in addition to branched and 
unbranched paraffins, they often contain considerable quantities 
of olefins and oxygen-containing organic compounds. Often only a 
minor portion of the products obtained consists of middle distil- 
lates. Not only the yield of the gas oil obtained, but owing to 
the presence of the afore-mentioned olefins and oxygen-containing 
organic compounds, its cetane number is unsatisfactory, as well. 
Consequently the direct conversion of H2/CO mixtures according 
to the Fischer-Tropsch process is rather an unattractive route for 
the preparation of middle distillates on a technical scale. 

In the present patent application the term "middle distil- 
lates" is used to designate hydrocarbon mixtures whose boiling 
range corresponds substantially with that of the kerosine and gas 
oil fractions obtained in the conventional atmospheric distillat- 
ion of crude mineral oil. The middle distillate range lies mainly 
between approximately 150 and 360°C, with the fractions boiling 
between about 200 and 360°C usually being referred to as gas oil. 

Discovery was recently made of a class of Fischer-Tropsch 
catalysts which have the property of yielding a product in which 
only very small quantities of olefins and oxygen-containing organic 
compounds occur and which consists almost entirely of unbranched 



®H 47873 



- 2 - 

paraffins, which paraffins bcil to a considerable extent above the 
middle distillate range. Owir.e to the high normal paraffins/ iso- 
oaraffins ratio and the low contents of olefins and oxygen-contain- 
ing organic comDounds of this product, the gasoil present therein 
5 has a very high cetane nunber. It has been found that the high- 
boiling part of this product can be converted in high yield into 
middle distillates by hydrocracking. The feed chosen to be hydro- 
cracked is at least the part of the product whose initial boiling 
point lies above the final boiling point of the heaviest middle 
10 distillate desired as final product. The hydro cracking, which is 
characterized by a very low hydrogen consumption, yields a product 
in which, owing to the high normal paraffins/isoparaffins ratio, 
the gas oil has a very high cetane nunber. The cetane number is 
one of the most important quality criteria for a gas oil when it 
15 is to be used as fuel for diesel engines. The gas oils used for 
this purpose are generally composed by mixing gas oils having a 
high cetane number with gas oils having a low cetane nunber. In 
view of the anrole availabilitv of gas oils having a low cetane 
number - such as cycle oils obtained as bv-product in catalytic 
20 cracking - and the limited availability of gas oils having a high 
cetane number, there is an urgent need for the latter gas oils. 
According as a gas oil has a higher cetane nunber it will be a 
more valuable mixing component for the preparation of diesel 
fuels, since -such a gas oil enables larger amounts of inferior 
25 gas oil to be taken up in the mixture and nevertheless enables the 
cetane number required in actual practice to be attained. In view 
of the fact that the above-mentioned two-step process offers the 
opportunity of preparing gas oils having a cetane nunber higher 
than 70, whilst the gas oils that are used as diesel fuel should 
30 have a cetane number of 40-50, it will be clear that the tw>-step 
process is excellently suitable for the preparation of valuable 
mixing components for diesel fuels. 

The Fischer-Tropsch catalysts used in the first step of the 
two-step process contain silica, alunina or silica-alumina as 
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carrier material, and cobalt together with zirconium, titanium 
and/or chromium as catalytically active metals in such quantities 
that the catalysts contain 3-60 pbw cobalt and 0.1-100 pbw zir- 
conium, titanium and/or chromium per 100 pbw carrier material. 
The catalysts are orepared by deoosition of the appropriate metals 
onto the carrier material by kneading and/or impregnation. For 
further information on the preparation of these catalysts by 
kneading and/or impregnation reference may be made to Netherlands 
patent application No. 8301922, recently filed in the name of the 
Aoplicant, in which there is also given a descriotion of the above- 
mentioned two-step process for the preoaration of middle distil- 
lates from H2/CO mixtures. 

Until recently the two-step process used to be carried out as 
follows. The H 2 /C0 mixture used as feed was contacted in the 
first ste D at a pressure of 20-30 bar with the cobalt catalyst. 
Subsequently, the reaction oroduct was separated at atmospheric 
pressure into two fractions, viz. a C 5 + fraction and a fraction 
comDrising the remaining reaction components, viz. C14- hydro- 
carbons, water, carbon dioxide and unconverted carbon monoxide and 
hydrogen. Finally the C5+ fraction, together with added hydrogen, 
was contacted in the second step at a pressure of about 130 bar with 
a catalyst containing one or more noble metals of Group VIII sup- 
ported on a carrier. As regards this embodiment of the two-step 
process the following may be obserbed. 

Although in the preparation of middle distillates according 
to the two-step process the part of the product of the first step 
whose initial boiling point lies above the final boiling point of 
the heaviest middle distillate desired as end product will suffice 
as feed for the second step, thusfar the total C 5 + fraction of 
the product of the first step was used for the purpose, since under 
the influence of the catalytic hydrotreatment the quality of the 
gasoline, kerosine and gas oil fractions therein had been found to 
improve. 
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The high Dressure used ir. the second step was thusfar thought 
to be necessary on account of iisaopointing results obtained when 
carrying out the second step at a lower pressure. This may be seen 
from the following experimental results obtained in working up the 
product prepared by Experiment 13 of Netherlands patent application 
No. 8301922. Contacting the C 5 + fraction of this product together 
with hydrogen at a temperature of 30,0°C and a pressure of 130 bar 
with the Pt/Si02-Al 2 03 catalyst used in Experiment 20 of said 
patent application led to a oroduct whose 200-360°C fraction had 
a hi R h normal paraf fins/ isoparaf fins ratio. A repeat of this 
experiment at a pressure of 20 bar and otherwise similar condit- 
ions oroduced a decrease in the yield of 200-360°C fraction as 
well as quite a sharp fall in the normal oaraffins/isoparaffins 
ratio of this fraction. The latter phenomenon in particular is 
highly undesirable in view of the accompanying decrease in cetane 
number. In order to raise the yield of 200-360°C fraction, Experi- 
ment 20 was repeated at 20 bar, but using a lower space velocity. 
It is true that in this way there could be achieved a yield of 
20O-36O°C fraction corresponding with that obtained in the experi- 
ment using 130 bar, but it led to yet a further decrease in the 
normal paraffins/ isoparaf fins ratio of the fraction. 

As remarked hereinbefore, the two-step process was thusfar 
carried out by separation at atmospheric pressure of the C 5 + 
fraction frou the oroduct of the first step prepared at a pressure 
of 20-30 bar, and processing of said fraction together with hydro- 
gen in the second step at about 130 bar. The assumption that by 
the choice of the H 2 /C0 molar ratio of the feed for the first 
step and the reaction conditions of the first step the quantity of 
hydrogen present in the product of the second step can be so 
regulated that this product contains sufficient hydrogen to carry 
out the hydrocracking in the second step led to the question 
whether it might be possible to carry out the present tvo-step 
process in "series-flow", which would considerably bring down the 
cost involved in the process. As already known, carrying out a 
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two-stec process in "series-flow" involves using the entire react- 
ion product of the first step - without components being removed 
therefrom or components being added thereto - as feed for the 
second steD which is carried out at substantially the same pres- 
5 sure as the first step. 

Although in view of the cost involved carrying out the present 
two-steo process in "series-flow" is much to be preferred to the 
procedure adopted thusfar, there are two aspects which raise con- 
siderable doubt as to its practical possibilities. The first is 

10 the pressure. When the process is carried out in "series- flow", 
the second step should be carried out substantially at the same 
low pressure as the first step. As seen from experiments conducted 
earlier, a reduction of the pressure in the second step results in 
a very severe drop of the normal paraffins/isoparaffins ratio of 

15 the gas oil. The second aspect concerns the composition of the feed 
for the second steD. When the process is carried out in "series- 
flow", the total reaction product of the first steD is used as feed 
for the second step. In this connection it should be taken into 
account that generally no more than 1/3 of the reaction Droduct of 

20 the first step consists of C 5 + fraction while the remainder con- 
gists of water, C-|-Cij hydrocarbons, carbon dioxide and unconverted 
hydrogen and carbon monoxide. In consequence of the develocment of 
the Fischer-Tropsch reaction (CO + 2H£ — ► - CH2- + H2O) the 
reaction product of the first step contains more water than hydro- 

25 carbons, expressed by weight. In view of the composition of said 

product - in particular the large amount of water present therein - 
it is very doubtful of course whether the noble metal catalyst used 
in the second step will still be able to bring about the desired 
conversion. 

30 In spite of the expectations regarding the practical possi- 

bilities of the present two-step process in "series- flow", which, 
on account of the above observations, were bound to be negative, 
an experimental investigation in that direction was nevertheless 
carried out. Surprisingly, in this investigation it was not only 
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W that carrying out the two-step process in "sertes-flow" leads 
o a yield similar to that obtained in the t^-step proces^ ca^ed 
out in the conventional way, but also that the gas otl produced n 
^res-flow" has a «h higher normal paraffins/isoparaf ins ratto. 
» exolanation of this surorising result possibly he found „ the 
fact that the composition of the feed for the seoond step xs dxf- 
ferent. In addition to the Of fraction ahd hydrogen wtuch are 
present in the feeo for the second step vben the t^step process 
L conducted in the convention! way. «*■ «•* ™ ">» 
0,-0, hydrocarbons, carhon nonoxide, carhon dioxide and water 
Apparently the presence of one or more of these components to the 
feThas so favourable ah influence on the normal paraffins/tso- 
paraffins ratio as not only to offset the afore-noted adverse effect 
oToressure reduction on the nonoal oaraffins/isoparafftns ratxo of 
the gas oil, but even to enhance this ratio considerably. 

^e present patent application therefore relates to a process 
for the preparation of middle distillates free a mixture of carbon 
^noxide and hydrogen, in which a H2 and CO 

contacted in the first step at elevated temperature and pressure 
with a catalyst containing 3-» Pbw cobalt and 0.1-100 pbw of at 
ieast one other metal chosen tern the group formed by *~< 
titanium and chromium per .00 pbw silica, alumina or sxlxca-aHmana, 
„hich catalyst has been o-epa^d by heading and/or imprecation, 
in „hich in a second step the complete reaction product of the 
i first ateo is subjected to a hydroeracxing treatment by ocntaottng 
it at an elevated temperature and a pressure which corresponds 
substantially with that used in the first steo, with a catalyst 
containing cne or more noble petals of Group VIII supported on a 
carrier, and in which the H 2 /C0 molar ratio of the feed and the 
0 reaction conditions of the first step are so chosen that the react- 
ion product of the first step contains sufficient unconverted 
hy drZ for carrying out the hydroeracxing reaction in the seoond 

'in the process of the invention it is preferred to use in the 
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first step the cobalt catalyses which form the subject matter of 
Netherlands patent applicaticn Mo. 8301922. These are catalysts 
which satisfy the relation 

(3 + i» R) > -k- > (0.3 + O.ii 3), wherein 

L = the total quantity of cobalt present on the catalyst, expressed 

as rag Co/ml catalyst, 
S = the surface area of the catalyst, expressed as n^/ral catalyst, 

and 

10 R = the weight ratio of the quantity of cobalt deposited on the 

catalyst by kneading to the total quantity of cobalt Dresent on 
the catalyst. 

The preparation of the cobalt catalysts which are used in the 
first step of the process of the invention is preferably carried 
15 out according to one of the three procedures mentioned hereinafter: 

a) first cobalt is deposited in one or more steos by impregnation 
and subsecuently the other metal is deposited in one or more 
steos, also by impregnation, 

b) first the other metal is deposited in one or more steps by 

20 impregnation and subsequently the cobalt is deposited in one or 

more steps, also by impregnation, and 

c) first cobalt is deposited in one or more steps by kneading and 
subsequently the other metal is deposited in one or more steps 
by impregnation. 

25 In the process according to the invention preference is given 

to the use of cobalt catalysts containing 15-50 pbw cobalt per 
100 pbw carrier. The preferred quantity of other metal present in 
the cobalt catalysts depends on the way in which this metal has 
been deposited. In the case of catalysts where first cobalt has 

30 been deposited on the carrier, followed by the other metal, prefer- 
ence is given to catalysts containing 0.1-5 pbw other metal per 
100 pbw carrier. In the case of catalysts where first the other 
metal has been deposited on the carrier, followed by the cobalt, 
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preference is given to catalysts containing 5-UO obw of the other 
metal per 100 pbw carrier. Preference is given to zirconium as the 
other metal and to silica as carrier material. In order to be 
suitable for use the cobalt catalysts should first be reduced. This 
5 reduction may suitably be carried out by contacting the catalyst at 
a tamoerature between 200 and 350°C with a hydrogen-containing gas. 

In the process according to the invention, in the second step 
a catalyst is used which preferably contains 0.1-2 tw, and in 
particular 0.2-1 tw, of one or more noble metals of Group VIII 
1C supoorted on a carrier. Preference is given to catalysts containing 
platinum or palladium as noble metal. Examples of suitable carriers 
for the noble metal catalysts are amorphous oxides of the elements 
of Groups II, in and IV, such as silica, alumina, magnesia and 
zirconia and also mixtures of these oxides, such as silica-alumina, 
15 silica-magnesia and silica-zirconia. Preferred carriers for the 
noble metal catalysts are silica-aluminas. 

In the process of the invention the first step is preferably 
carried out at a temperature of 125-350°C and in particular of 
175-275°C and the second steo is ra-eferably carried out at a tera- 
20 perature of 200-400°C and in particular of 250-350°C. The process 
is preferably carried out at a pressure of 5-100 bar and in Parti- 
cular of 10-75 bar. 

H 2 /CO mixtures which are eligible to be used for the prepa- 
ration of middle distillates according to the invention can very 
25 suitably be obtained, starting from a heavy carbonaceous material 
such as coal, or starting from light hydrocarbons such as natural 
gas, by steam reforming or partial oxidation. In the process accord- 
ing to the invention the H 2 /C0 molar ratio of the feed and the 
choice of the reaction conditions in the first step should be so 
30 chosen that the reaction product of the first steo contains suffi- 
cient unconverted hydrogen for carrying out the hydrocrackins 
reaction in the second step. Since the H 2 /C0 consumption ratio of 
the present cobalt catalysts is about 2, in the process according 
to the invention, in those cases where the highest possible CO con- 
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version is aimed at, it is preferred to use H 2 /C0 mixtures having 
a H2/CO molar ratio higher than 2. Very suitable for carrying out 
the oresent process is a feed which can be obtained in the steam 
reforming of natural zas, which yields H2/CO mixtures having a 
5 H2/CO molar ratio of about 3, as is well-known. If the feed for 
the first step of the process of the invention available is a 
H 2 /C0 mixture having a H 2 /C0 molar ratio of 2 or less, then the 
H2/CO molar ratio of said feed can be increased preparatory to 
contacting the feed with the cobalt catalysts. Such an increase of 

10 the H 2 /C0 molar ratio may be brought about by, inter alia, addit- 
ion of hydrogen, removal of carbon monoxide, mixing with a hydro- 
gen-rich H 2 /C0 mixture or by subjecting the low-hydrogen feed to 
the CO-shift reaction. Optionally the CO-shift reaction can be 
carried out in situ by addition in the first step of the process of 

15 a Dhysical mixture of a CO-shift catalyst and the cobalt catalyst. 
It is also Dossible to subject low-hvdrogen synthesis gases to the 
Drocess according to the invention without raising; their H2/CO 
molar ratios. The reaction conditions chosen in the first step 
should then be sufficiently mild for only part of the hydrogen 

20 available to participate in the Fischer-Tropsch reaction. Naturally 
this cannot be achieved without some sacrifice in yield of hydro- 
carbons. 

Besides as an individual two-step process for the preparation 
of middle distillates from H 2 /C0 mixtures which have been prepared 

25 from, for instance, coal, heavy mineral oil fractions or natural gas, 
the process of the invention can also very suitably be used as part 
of a three-step process for the conversion of said H2/CO mixtures. 
In the latter case the H 2 /C0 mixture available as feed is' in the 
first step partially converted into substantially aliphatic hydro- 

30 carbons, aromatic hydrocarbons or oxygen-containing organic com- 
pounds, and subsequently unconverted hydrogen and carbon monoxide, 
together with other comronents from the product of the first step 
if desired, are used as feed for the process according to the 
invention. 
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The invention is now illustrated with the aid of the following 
example. 
Example 

Two Co/Zr/Si0 2 catalysts (Catalysts 1 and 2) were prepared by 
impregnation of a silica carrier with solutions of cobalt and 
zirconium compounds. In each impregnation step there was used a 
quantity of solution whose voliane corresponded substantially with 
the pore volume of the carrier. After each impregnation step the 
solvent was removed by heating and the material was calcined at 
500°C. Catalysts 1 and 2 were creoared as follows. 
Catalyst 1 (= Catalyst 9 of Netherlands patent application 8301922) 
One-steD impreecnation of a silica carrier with a solution of cobalt 
nitrate in water, followed by one-step impregnation of the cobalt- 
loaded carrier with a solution of zirconium nitrate in water. Cata- 
lyst 1 comer is ed 25 pbw cobalt and 0.9 pbw zirconium per 100 Dbw 
silica. For Catalyst 1 L was 98 mg/ral and S was 96 m^/ral and 
consequently L/S was 1.02 mg/m 2 . 

Catalyst 2 (= Catalyst 2 of Netherlands patent application 8301922) 
Three-step imoregnation of a silica carrier with a solution of 
zirconium tetra-n-propoxide in a mixture of n-propanol and benzene, 
followed by one-step impregnation of the zirconium-loaded carrier 
with a solution of cobalt nitrate in water. Catalyst 2 comprised 
25 pbw cobalt and 18 pbw zirconium per 100 pbw silica. For cata- 
lyst 2 L was 97 mg/ml and S was 100 m^/g and conseauently L/S was 
0.97 rag/m 2 . 

Catalyst 3 (= catalyst used in Experiment 20 of Netherlands patent 
application 8301922) 

Pt/Si02-Al203 catalyst comprising 0.82 pbw platinum per 100 pbw 
carrier, 1*4.6 %w of the carrier consisting of alumina and 85.4 %w 
of silica. 
Catalyst 4 

Pd/SiC^-Al^ catalyst comprising 0.3 pbw palladium per 100 pbw 
carrier, 41 Jw of the carrier consisting of alumina and 59 $w of 
silica. 
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Hydrocarbon svr.thesis 

Catalysts 1-4 were used in nine experiments (Experiments 1-9) in 
the preparation of hydrocarbons from mixtures of carbon monoxide 
and hydrogen. Before being used Catalysts 1 and 2 were reduced at 
250°C in a hydrogen-containing gas. 

Experiment 1 (= Experiment 13 of Netherlands patent application 
8301922) 

In this experiment a H 2 /C0 mixture having a H 2 /C0 molar ratio 2 
was contacted at a temperature of 220°C and a pressure of 20 bar 
with Catalyst 1. The composition of the reaction product obtained 
is given in Table I. 
Experiments 2-^ 

In these experiments the C5+ fraction of the reaction product 
obtained by Experiment 1 was contacted at 300°C and at various 
pressures and soace velocities with Catalyst 3. The conditions used 
in these experiments and the results obtained are given in Table II. 
Experiment 5 

In this exuerlnent a H 2 /C0 mixture having a H 2 /C0 molar ratio 3 
was contacted at a temperature of 204 °C and a pressure of 20 bar 
with Catalyst 2. The composition of the reaction Droduct obtained 
is given in Table I. 
Experiments 6 and 7 

In these experiments the C 5 + fraction of the reaction product 
obtained by Experiment 5 was contacted at 300°C and at various 
pressures and space velocities with Catalyst 3. The conditions used 
in these experiments and the results obtained are given in Table II. 
Experiment 8 

In this experiment a H 2 /C0 mixture having a H 2 /C0 molar ratio 3 
was contacted in the first step at 204°C and a pressure of 20 bar 
with Catalyst 2, and subsequently the total reaction product of the 
first step was contacted in a second step at a temperature of 300 °C 
and a pressure of 20 bar with Catalyst 3- The C 5 + fraction of 
the product of the second step contained 44 %w gas oil boiling 
between 200 and 360°C, which gas oil had a normal paraffins/iso- 
paraffins ratio of 10.5. 
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Experiment 9 

This experiment was carried out substantially in the same manner 
as Experiment 8, the differences being: 
a) temperature in the first step: 225°C, 
5 b) temperature in the second step: 320°C, and 
c) catalyst in the second step: Catalyst 4. 

The C5 + fraction of the product of the second step ccm- 
orised H3 <Sw gas oil boiling between 200 and 360°C, which gas oil 
had a normal Darraigns/ i so paraffins ratio of 9.2, 
10 of Experiments 1-9 only Experiments 8 and 9 are experiments 

according to the invention. These experiments, which were carried 
out in "series-flow", yielded a gas oil having a very high normal 
paraffins/isoparaffins ratio. Experiments 1-7 fall outside the 
scope of the invention. They have been included in the patent 
15 application for comparison. 

Experiment 1 combined with Experiment 2. and Experiment 5 
combined with Experiment 6, show the two-step process as carried 
out in the conventional manner, starting from H2/CO mixtures 
having H2/CO molar ratios of 2 and 3, respectively. In both cases 
20 the gas oils obtained have high normal parr af fins/ isoparaf fins 
ratios (6.1 and 6.4, respectively). 

Comparison of the results of Experiments 2-M and comparison 
of the results of Experiments 6 and 7 show the adverse effect of 
lowering the pressure in the second step. Reduction of the pressure 
25 from 130 to 20 bar at an unchanged yield of gas oil leads to a 
sharp fall in the normal paraffins/isoparaffins ratio of the gas 
oil (from 6.1 to 2.3 and from 6 A to 2.5, respectively). 
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TABLE I 



Composition of the total reaction 


Exp. 1 




Droduct prepared by Experiment No., 


Exd. 5 


expressed in g 








100 


100 


C-j-Cij 


20 


31 


H 2 


4 


20 


CO 


42 


19 


C02 


4 


2 


H 2 0 


149 


165 


Gas oil content (20O-360°C) of 






C=; + fraction, %u 


30 


31 



TABLE II 



Exoeriment No. 


2 


3 


4 


6 


7 


Temperature, °C 


300 


300 


300 


300 


300 


Pressure, bar 


130 


20 


20 


130 


20 


Soace velocity, 
g.g~ 1 .h-1 


1.2 


1.2 


0.6 


1.2 


0.6 


Yield of gas oil (200-360°C), 
?w on feed 


46 


40 


U6 


44 


44 


Normal paraffins/isoparaffins 
ratio of gas oil 


6.1 


2.7 


2.3 


6.4 


2.5 



- ia - 



01147873 



K 5697 



CLAIMS 



1 . A process for the preparation of middle distillates from a 
mixture of carbon monoxide and hydrogen, characterized in that a 
H2 and CO containing feed is contacted in the first steD at 
elevated temperature and pressure with a catalyst comprising 

5 3-60 pbw cobalt and 0.1-100 pbw of at least one other metal chosen 
from the group formed by zirconira, titanium and chromium per 
100 pbw silica, alumina or silica-alunina, which catalyst has been 
prepared by kneading and/or impregnation, and that in a second step 
the complete reaction oroduct of the first step is subjected to a 

10 hydrocracking treatment bv contacting it at an elevated temperature 
and a pressure which corresponds substantially with that used in the 
first step, with a catalyst comprising one or wore noble metals of 
Group VIII supported on a carrier, the H2/CO molar ratio of the 
feed and the reaction conditions of the first step being so chosen 

15 that the reaction product of the first step contains sufficient 

unconverted hydrogen for carrying out the hydrocracking reaction in 
the second step. 

2. A process as claimed in claim 1. characterized in that in 
the first step a catalyst is used which satisfies the relation 

?o T 

(3 + 4 R) > — > (0.3 + 0.4 R), wherein 
S 

L = the total quantity of cobalt present on the catalyst, expressed 

as mg Co/ml catalyst, 
S - the surface area of the catalyst, expressed as m^/ml catalyst, 
25 and 

R = the weight ratio of the quantity of cobalt deposited on the 
catalyst bv kneading to the total quantity of cobalt present 
on the catalyst. 
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3. A process as claimed in claim 1 or 2, characterized in that 
in the first step a catalyst is used which has been prepared by 
first depositing cobalt in one or more steps by impregnation and 
subsequently depositing the other metal in one or more steps, also 

5 by impregnation. 

4. A process as claimed in claim 1 or 2, characterized in that 
in the first step a catalyst is used which has been prepared by 
first depositing the other metal in one or more steps by impregnat- 
ion and subsequently depositing cobalt in one or more steps, also 

10 by impregnation. 

5- A process as claimed in claim 1 or 2, characterised in that 
in the first step a catalyst is used which has been prepared by 
first depositing cobalt in one or more steps by kneading and sub- 
sequently depositing the other metal in one or more steps by 

15 impregnation. 

6. A process as claimed in any one of claims 1-5, characterized 
in that in the first steD a catalyst is used which comprises 
15-50 pbw cobalt per 100 pbw [carrier]. 

7. A process as claimed in any one of claims 1-3, 5 and 6, 
20 characterized in that in the first step a catalyst is used which 

has been prepared by depositing first cobalt and subsequently the 
other metal, and which comprises 0.1-5 pbw of the other metal per 
100 pbw carrier. 

8. A process as claimed in any one of claims 1, 2. 4 and 6, 
25 characterized in that in the first step a catalyst is used which 

has been prepared by depositing first the other metal and subse- 
quently cobalt, and which comprises 5-40 pbw of the other metal 
per 100 pbw carrier. 

9. A process as claimed in any one of claims 1-8, characterized 
30 in that in the first step a catalyst is used which contains zir- 

coniiro as other metal. 

10. A process as claimed in any one of claims 1-9, characterized 
in that in the first step a catalyst used which contains silica as 
carrier. 
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